Bridging the Gender Gap in High-Technology Education
Low enrollment rates in high school computer science (CS) courses suggest that students may be planning ineffectively for a future labor market. Female students enroll in these courses at far lower rates than their male peers and represent a small proportion of the high-technology workforce. To increase participation, all-female and mixed-gender CS classes were offered in grade 11 at one high school in Canada. Enrollment patterns were observed for three years. Results show increased participation, which increased the number of CS courses offered at the school. Implications are discussed.
The high-technology field is an area of tremendous growth, offering many career opportunities and long-term potential. With the increasing pervasiveness of computers, computer literacy is becoming important in a wider range of occupations. As the economy evolves into a knowledge-based market, the need for individuals trained in high-technology areas will continue to grow. The ability to work with computers will become a critical filter that may define students' future career options. Unfortunately, interest in this field among high school students is relatively low, and the number of jobs available exceeds the number of students who decide to pursue computer-related fields as a career option. Low rates of enrollment in computer science (CS) and information technology (IT) education programs will continue to result in a deficit of qualified individuals who can benefit from the many opportunities that are available. In other words, failure to take elective computer courses at the high school level may limit students' career options, both inside and outside the growing IT field. From an educational and career development standpoint, low rates of enrollment in CS courses suggest that today's high school students may not be planning effectively for the future labor market in which they will be working.
Concerns about low rates of enrollment in CS and IT education programs become more pronounced when gender differences are examined. Female students are underrepresented in high-technology learning environments (Camp 1997; Frize 1998) . Female students enroll in CS and IT programs at far lower rates than their male peers and only represent a small proportion of the high-technology workforce. Although gender gaps in enrollment are observed at all levels of education in which CS courses are elective (Stumphf and Stanley 1997) , they become more pronounced as the education level becomes more advanced (Campbell 1992) . Given the increasing pervasiveness of IT and the importance of computer literacy, this pattern of enrollment is a growing concern. Young women who are limited by their lack of computer literacy and computer-related experiences will benefit less from the new knowledge-based economy.
Researchers have found that positive computer experiences are a significant predictor of positive attitudes toward computers, and that positive attitudes toward computers are the best predictor of future behavior with respect to computer-related activities such as enrollment in future CS courses (Levine and Donitsa-Schmidt 1998) . Understanding that enrollment plus positive experiences equal positive attitudes equal future enrollment, administrators and teachers will not have the opportunity to create these positive learning experiences if female students do not first make the choice to enroll in elective CS courses. Thus, to open doors to the IT field for young women it is necessary to increase the number of them enrolling in CS courses and also to create positive computer experiences for female students. One successful strategy for achieving this goal is to provide high school CS courses in both an all-female format and a mixed-gender format to encourage more female students to enroll.
To date, all-female classes have been implemented for high school math and science courses in some schools. In many cases, female students have reported seeing the all-female classrooms as superior and have shown increases in their confidence levels (Haag 1998) . Female students seem to participate more actively in the classroom and are more comfortable taking risks in an all-female environment. Piaget (1970) emphasized that risk taking is an important component of the learning process.
It has been argued that by creating single-sex classes for female students, school administrators may give the appearance that they are "doing something" about gender equity without any meaningful changes taking place in the ways that gender is socially constructed in our schools (Hildebrand 1996) . In a recent policy review, Parker and Rennie (1996) stated that the implementation of single-sex classes is not a cost-neutral innovation. They emphasize that to make meaningful and effective changes, administrators must be prepared to resource the implementation of all-female classes in CS,
especially through the provision of support for professional development and training.
To promote young women's participation and interest in CS courses, an effective approach must meet several objectives:
• Provide information to counter gender-related stereotypes about CS, in addition to information about the various educational and career paths that women can pursue in high-technology fields. For example, an important first step is to provide female students with information that demonstrates that CS is an appropriate and viable career choice for women.
• Increase female enrollment and thus have a critical number of female students in CS classes.
• Provide positive learning experiences for female students that build positive attitudes toward CS.
Of these three, the third objective-developing positive attitudes in female students-is probably the most important in terms of achieving the long-term goal of an increased female presence in these fields. However, it will be difficult to achieve the third objective without having previously accomplished the first two.
A Successful Proactive Program
We have been fortunate to be involved with a high school that has offered an all-female grade 11 CS class for the last three years. This is one of the few schools in the Ontario, Canada, public school system to experiment with single-sex CS classes. The program results are summarized below. These findings represent some of the first quantitative evidence indicating the effects on female students of a single-sex class for CS courses at the high school level.
Increased Female Enrollment
Prior to this project, which was initiated in the 1996-1997 school year, only one CS class was offered. Of the adolescents who signed up for this optional course, approximately 10 percent to 15 percent were young women. After the project began, one all-female class and two mixed-gender classes were offered, and female enrollment increased to approximately 40 percenta substantial improvement and indicative of success. The increase in the number of female students has been maintained over the last two years, and similar results were indicated this past spring when next year's enrollment choices were made. Thus, solely from an enrollment standpoint, the all-female class has been a success, but there have also been some positive effects on both the attitudes and future intentions of this student population.
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Quantitative Support for the Benefits of All-Female CS Classes
A questionnaire was administered to grade 11 CS students in both the spring of 1997 and spring of 1998 for a total of 184 students from eight sections of this course. Forty-five young women were enrolled in the two all-female sections of the course, and 114 young men and 25 young women were enrolled in the six mixed-gender sections of the course. Nine 12-item scales were administered to the students: seven scales assessed students' perceptions of and attitudes toward CS and were adapted from scales originally used by Fennema and Sherman (1976) to measure attitudes toward mathematics; two scales were developed to assess students' future academic career intentions in the field of high technology. A detailed analysis of the results obtained in the spring of 1997 is presented in Crombie and Armstrong (1999) . The mean values for all measures on which there were statistically significant group differences are presented in table 1.
Students' perceptions of support. We found an important and statistically significant group difference for perceived teacher support: Female students from the all-female classes and male students from mixed-gender classes reported similar levels of perceived teacher support, whereas young women from mixed-gender classes reported less perceived teacher support. This result is interesting because the same teachers teach both the all-female and mixed-gender classes using the same curriculum. There were no differences in perceived support from fathers or mothers. This lack of group differences on these two measures provides some support for the suggestion that the differences we found on the other measures are not a product of preexisting or systematic differences among the groups. Students' computer attitudes. For the important attitudinal measures, there were significant group differences for both confidence and intrinsic value, but not for usefulness or gender stereotyping. The group differences that we found mirror the differences found for perceived teacher support: Young women from the all-female classes and young men from mixed-gender classes reported similar levels of confidence and intrinsic value. Furthermore, these levels were higher than those reported by female students from mixed-gender classes.
Students' future academic and occupational intentions in CS. Young women from the all-female classes and young men reported similarly high levels on these measures. In contrast, female students from the mixed-gender classes reported less of an inclination to take more CS courses or pursue occupations in related fields. We posit that the future intention to continue in the field of high technology is quite possibly one of the most important outcome variables in assessing the effects of single-sex classes in CS on young women. We consider the implementation of all-female CS classes at this high school to be a successful program, not only because it has resulted in increased enrollment of female students in CS but also because young women's attitudes and future intentions toward computer-related activities have improved. We believe these improvements can be attributed to a positive learning environment for young women, an environment in which their teacher is perceived as being more supportive of their interest in CS and in which they are allowed to develop greater confidence in their ability to work with computers and to find more intrinsic value in working with computers than their female peers in mixed-gender classes. This positive learning environment in turn encourages female students to have a positive attitude toward computers.
An All-Female CS Class: An Investment
Implementing and maintaining the single-sex CS program was not a costneutral innovation-the two CS teachers involved in the program invested in creating an environment in which a number of the limitations of previous CS courses were directly and effectively addressed. Following are the steps taken to implement a successful program, and the experiences of the two teachers and the school administrators involved in the program development process.
consideration female students' interests, issues, and learning styles. Using this report, as well as the promise of training and equipment from Nortel Networks, the CS teacher was able to build consensus within his school and his department and to win the support of his principal.
Develop Proactive Enrollment Strategies
Proactive enrollment strategies are essential components for increasing female students' interest and participation in optional CS courses. In an attempt to increase the number of young women selecting the elective grade 11 CS course at his high school, the CS teacher worked on diminishing female students' stereotypes about CS and offered an all-female learning environment in addition to traditional mixed-gender classes.
Diminish Stereotypes
In the spring, before students made their course selections for the following academic year, the CS teacher gave a survey to female students about their attitudes and stereotypes concerning computers and CS. Surveys were followed by 10-to 15-minute discussion sessions with students, to review the survey with them and to inform them about the all-female program elective the following year. The discussion of the survey was an important opportunity for the teacher to diminish myths and stereotypes about CS and high technology. From these discussions, a sufficient number of female students enrolled and stated a preference for the all-female format to create a class.
In the second year of the program, the all-female format was advertised via an informational flyer distributed in all math classes during the weeks before students made their course selection for the following year. By the third year of the program, word of mouth had been sufficient to maintain an enrollment level in CS courses of 40 percent female students.
Curriculum Issues and Entry-Level CS Courses
Computer training opportunities offered to high school students should achieve a balance between developing computer skills and encouraging positive attitudes toward computers and computer-related activities (Woodrow 1994) . It is important that entry-level CS courses, whether elective or compulsory, extend the focus beyond basic programming. Some female students may become disinterested in class by the regimented nature of programming. Consequently, a heavy emphasis on programming in entry-level CS courses further narrows the female students who will choose to enroll in the second level of high school CS courses. Many high school computer courses used to emphasize basic programming techniques, resulting in student attitudes toward computers ranging from neutral to negative (Lockheed, Nielson, and Stone 1985) . As a result, the importance of offering entry-level unauthorized distribution.
CS courses with a wider curriculum, as well as application-based software courses, is presently being emphasized.
Formerly, the focus of the grade 11 CS course-the first grade level at which CS courses were offered in this high school-had been on structured programming and fundamental programming techniques. In the present study, the instruction of basic programming skills was modified for all sections of the course, which became predominantly project based and exploratory in nature, as opposed to emphasizing programming alone. A wide variety of computing experiences appears to be an important factor contributing to the development of more positive attitudes toward computing, more so than the amount of experience itself (Jones and Clark 1995) . Thus, designing computing curricula that incorporate a range of computing activities will be beneficial for both female and male students.
In addition, using the Internet and developing a familiarity with the World Wide Web as a communications tool were important components of this course; studies have indicated that using telecommunications as a collaborative activity in a classroom heightens female students' interest in computing. Class projects included creating World Wide Web sites and writing home pages using HTML. As part of the introduction to the Internet and World Wide Web, the students had access to an e-mail discussion group related to women in CS. Research indicates that being part of a discussion group with hundreds of female computer scientists can change a young woman's image of a computer scientist from male to female or to neutral (Spertus 1991) .
Teaching Approaches: Delivery Issues
The central role of the two CS teachers has clearly been emphasized in this program. Although the curriculum was essentially the same in the all-female and mixed-gender classes, some modifications in delivery occurred over the school year. In fact, it was the female students in the all-female classes and the male students in the mixed-gender classes who partially directed these changes (i.e., created their own environment), in that their responses to different types of activities contributed to the teachers modifying their delivery methods. For the female students in the all-female classes, the classroom activities gradually progressed to include more collaborative work (Gurney 1999) . The female students were comfortable with this group approach and enjoyed it, whereas the male students participated grudgingly, preferring instead to do individual work. Another documented difference was that in the all-female classes, students continued to work on an assignment until they had mastered it, and did not want to move on to the next topic until they were satisfied that the product was as good as it could be. The male students tended to work alone, as quickly as possible, to obtain a piece of softunauthorized distribution.
ware that "worked." They would provide sufficient documentation to fulfill the requirements of the assignment and then wanted to move on to the next topic (Gurney 1999) . Thus, adjustments to the delivery process, and concomitantly to the classroom environment, occurred in both the allfemale and mixed-gender classes. The effectiveness of an all-female CS class lies not just with curriculum changes, but also with teachers who are prepared to develop strategies and to adjust their teaching approaches to meet the interests and learning styles of female students.
The Classroom Climate
The all-female class was perceived by the female students as being a safe, comfortable environment. The female students knew that they were not competing against their male peers in that room. It is not that the female students were less competitive than their male peers; they were quite competitive among themselves. Some female students clearly needed and benefited from the extra comfort level. In the all-female classes, students were quite vocal and very involved, but in the mixed-gender classes where male students were in the majority, female students tended to be less vocal. It is our opinion that some female students lose out in mixed-gender classes because students who actively participate in class tend to receive more attention from teachers and peers. In all-female classes, young women may play more prominent roles when interacting with both their teacher and their classmates.
Concerns About (Reverse) Discrimination
Some may perceive the implementation of an all-female CS class as discriminatory because of its exclusion of male students. Others may fear that curriculum and performance standards are lowered for those who enroll in all-female CS classes. Both are legitimate concerns, and we have taken great care to address them in the present program. No male students are excluded from the grade 11 CS course, as there are two to four mixed-gender sections for male students and for female students who do not state a preference for the all-female class. Standards are not lowered, and the same curriculum is taught in both types of classes. Offering an all-female section increased the overall enrollment in the grade 11 CS course, resulting in an increase in the number of sections that were offered. The increased number of sections at the grade 11 level appears to be responsible in part for an increase in the pool of students who elected to enroll in the grade 12 CS course, offered in a mixed-gender format. The school administration had not been able to offer a grade 12 CS course in recent years because of low enrollment. This is an additional benefit of the all-female class-a benefit enjoyed by both male and female students. unauthorized distribution.
Implications
Education administrators are confronted with the challenge to create classroom experiences that will nurture among students positive attitudes toward computers and IT (Woodrow 1994) . Our responsibility is to provide the educational experiences and classroom environments that will enable all students to benefit from future opportunities in the field of high technology. The all-female CS class described in this article is one example of an effective way to engage female students in the study of CS. Proactive components of this program include providing female students with information to counter stereotypes, implementing specific recruitment strategies for female students, and creating positive learning experiences that take into consideration the interests and learning approaches of young women. Our results indicate that an all-female CS class can be an effective program when administrators and teachers are prepared and committed to support this approach.
